Abstract: Low flow is a seasonal phenomenon which is a critical requirement for utilization of water resources under rapidly changing environmental conditions. The operation of the Three Gorges Dam (TGD) has had a great influence on downstream low flow in the Yangtze River. In this paper, the characteristics of low flow in the main Yangtze River were analyzed during the dry season before and after the TGD operation during the period of 1956-2016. The results show that: (1) the operation of the TGD has changed the spatial and temporal distribution of streamflow in the middle and lower Yangtze River and the annual mean low flow has increased significantly since the TGD operation. (2) The operation of the TGD could advance the date of the start of dry season in the lower Yangtze River basin. The start dates of the dry season in the Yichang, Hankou and Datong stations were advanced by 14 days, 10 days and 9 days, respectively. (3) The minimum streamflow in the lower Yangtze River has increased notably since the TGD operation. The minimum streamflow was raised by 42.91%, 13.76% and 6.06% at the Yichang, Hankou and Datong stations, respectively. The increasing number of dams in the world might have the potential effects on downstream low flow. More attention should be paid to investigating the influence of dam construction on low flow in rivers all over the world.
Introduction
Low flow is critical to water resources development and management [1] . In fact, low flow is a major component of a flow state of rivers and a seasonal phenomenon that usually occurs at the same time every year [2, 3] . A lot of effort has been made to assess the impacts on low flow. Sun et al. [4] pointed out that low flow could aggravate the shortage of water resources in the dry season, which restricted the development of the social economy to a certain extent. Low flow can cause drinking water difficulties, too [5] . Lu [6] discovered that low flow might affect the security of the industrial, agricultural and daily water intake along a river and lake. Zhang [7] reported that low flow could affect the safety and efficiency of waterway transportation because many marine accidents such as collisions and groundings happened during the dry season. Some researchers found that low flow could change water quality as well [8] . Luke et al. [9] discovered that the water quality guidelines on five sites of the Lower Murray River and Lower Lakes in South Australia during an extreme low River was cut down by 31% after completion of the TGD. The sediment transport rate is strongly correlated with river discharge [58] . Zhang et al. [59] proposed that the TGD could make the discharge increase in May and decrease in September. Some researchers also found that low flow in the dry season of the lower Yangtze River have been advanced and persisted longer due to the TGD [60, 61] .
Despite much research on the impacts of the TGD impounding on the Yangtze River [53] , seldom people pay attention to the difference in downstream low flow in the Yangtze River before and after the TGD operation. Questions like, 'How does the impounding of the TGD influences the downstream low flow in the Yangtze River?', have not been fully considered, which is of remarkable importance to comprehending the relationship between the TGD and downstream low flow in the Yangtze River. Few studies reconstruct the streamflow without the TGD after 2003 and give the definition of the start date of the dry season as well. The issues to be revealed in this paper cover: (1) the impacts caused by the TGD on the main Yangtze River; (2) the impacts of the TGD on downstream low flow in the Yangtze River; (3) the impacts of the TGD on minimum streamflow of the main Yangtze River. In this paper, we try to solve these problems based on a complete analysis of long-term streamflow datasets across the main Yangtze River basin. This study is meaningful for the further understanding of the effects of the impounding of the TGD on downstream low flow in the Yangtze River.
Data and Methodology

Study Area and Data
The Yangtze River is the largest river in China and the third largest river in the world, which accounts for 35.1% of the total streamflow of China [62] . This river originates from the Tibetan Plateau, flowing from west to east. The main Yangtze River has an area of 1,800,000 km 2 , occupying about one fifth of the total land area of China. Generally, the Yangtze River can be divided into three parts: the upstream (upstream of the Yichang station), midstream (between the Yichang and Hukou station) and downstream (downstream of the Hukou station).
Most of the Yangtze River basin is affected by the subtropical monsoon climate, where the mean annual precipitation ranges from 270-500 mm in the western region to 1600-1900 mm in the southeastern region [63] . Today, the Yangtze River is undergoing severe hydrological changes, especially in the middle-lower Yangtze River [64] [65] [66] [67] . The most remarkable hydrological variety of the Yangtze River is the occurrence of seasonal hydrological droughts since the year 2000 [55] . The dry season in the Yangtze River basin is from November to the following March due to the sustained low flow caused by long-term low rainfall in this basin. In fact, most of the mean annual precipitation in the Yangtze River (70-90% of the total) comes from the wet season [1, 8] . In the dry season, the streamflow in the Yangtze River always decreases sharply and causes severe water supply, environmental and economic problems.
Daily streamflow from the Cuntan, Yichang, Hankou and Datong hydrological stations during the period of 1956-2016 in the main Yangtze River were used in this study (Referring to Figure 1 ). Missing streamflow data was interpolated by the average value of its adjacent stations. The reservoir inflow and outflow of the TGD data was from China Three Gorges Corporation (http://www.ctg.com.cn/). 
Methodology
The streamflow at the Yichang, Hankou and Datong stations without the impounding of the TGD were reconstructed by the method of Zhang et al. [68] . The length between the Yichang station and the TGD is about 39 km and this distance was negligible due to it being too short. The distance between the Hankou station and the TGD is about 667 km, and it takes the water around 7 days to flow from TGD to the Hankou station. The distance between the Datong station and the TGD is about 1129 km, and the water spends 12 days flowing from the TGD to the Datong station. Thus, the reconstructed discharge at the Yichang station was roughly equivalent to the sum of the impounding of the TGD (TGD inflow minus TGD outflow) and the discharge of Yichang at the same day. The reconstructed streamflow at the Hankou station was simulated as the total of the impounding of the TGD (inflow minus outflow) and the streamflow of Hankou with a lag of 7 days. The reconstructed streamflow at the Datong station was computed as the impounding of the TGD (inflow minus outflow) plus the streamflow of Datong with a lag of 12 days. 
The streamflow at the Yichang, Hankou and Datong stations without the impounding of the TGD were reconstructed by the method of Zhang et al. [68] . The length between the Yichang station and the TGD is about 39 km and this distance was negligible due to it being too short. The distance between the Hankou station and the TGD is about 667 km, and it takes the water around 7 days to flow from TGD to the Hankou station. The distance between the Datong station and the TGD is about 1129 km, and the water spends 12 days flowing from the TGD to the Datong station. Thus, the reconstructed discharge at the Yichang station was roughly equivalent to the sum of the impounding of the TGD (TGD inflow minus TGD outflow) and the discharge of Yichang at the same day. The reconstructed streamflow at the Hankou station was simulated as the total of the impounding of the TGD (inflow minus outflow) and the streamflow of Hankou with a lag of 7 days. The reconstructed streamflow at the Datong station was computed as the impounding of the TGD (inflow minus outflow) plus the streamflow of Datong with a lag of 12 days.
In this paper, the dry season was defined as the period from November to March. It was hard to calculate the start date of the dry season because the dry season spans two years. Therefore, the hydrological year was used in our research and the hydrological year was defined as May to April. Then, the streamflow of five consecutive days less than the mean low flow can be regarded as the start date of the low flow period. The end date of low flow period can be calculated in the same way.
Results
The Impact of the Three Gorges Dam (TGD) on the Main Yangtze Rive
The operation of the TGD has altered the streamflow of the trunk stream of Yangtze River. The monthly mean streamflow for the Cuntan, Yichang, Hankou and Datong stations during the pre-TGD and the post-TGD (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) periods are shown in Figure 1 . It can be found that the streamflow of January, February, March and December in the pre-TGD period were lower than that of the post-TGD period, while the streamflow in July, August, September and October in the pre-TGD period were higher than that of post-TGD period (Figure 1 ). Figure 2 shows the annual mean streamflow in the Cuntan, Yichang, Hankou and Datong stations during the pre-TGD and the post-TGD periods. It can be found that the streamflow for the post-TGD period was much lower than that of pre-TGD period. This was also the case in analyzing the reconstructed streamflow which aimed to eliminate the influence of the operation of TGD (Figure 2b-d) . By using the t-test, we found that the p values at the Cuntan, Yichang, Hankou and Datong stations were 0.023, 0.000034, 0.006 and 0.021, respectively. This result revealed that the difference of streamflow between pre-TGD and post-TGD periods was significant for the four stations at the 0.05 significance level. Table 1 displays the average value of annual mean streamflow at the Cuntan, Yichang, Hankou and Datong stations during the pre-TGD and the post-TGD periods. In Table 1 , Q pre was the observed streamflow during the pre-TGD periods, Q post was the observed streamflow during the post-TGD periods, Q sim was the reconstructed streamflow during the post-TGD periods. ∆Q 1 denoted the observed streamflow during the post-TGD periods minus the observed streamflow during the pre-TGD periods (Q post − Q pre ), ∆Q 2 means the observed streamflow minus the reconstructed streamflow during the post-TGD periods (Q post − Q sim ). It could be found that the streamflow at the Cuntan station dropped 4.93% during the post-TGD period compared to the pre-TGD period. The decrease of streamflow for the other three stations was even more severe than that of the Cuntan station. The streamflow at the Yichang, Hankou and Datong stations dropped more than 6% during the post-TGD period compared to the pre-TGD period (Table 1) . However, compared with the reconstructed streamflow, the streamflow of the Yichang, Hankou and Datong stations dropped slightly by 0.63%, 0.37% and 0.30%, respectively (Table 1 ). This indicated that the operation of TGD has also changed the streamflow in the lower Yangtze River. However, it was not the main cause of the streamflow decrease in the lower Yangtze River basin. In this paper, the dry season was defined as the period from November to March. It was hard to calculate the start date of the dry season because the dry season spans two years. Therefore, the hydrological year was used in our research and the hydrological year was defined as May to April. Then, the streamflow of five consecutive days less than the mean low flow can be regarded as the start date of the low flow period. The end date of low flow period can be calculated in the same way.
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The Impacts of TGD on Downstream Low Flow in the Yangtze River
Does the operation of the TGD have influenced the streamflow of the main stream of the Yangtze River during the dry season? Mean streamflow at the Cuntan, Yichang, Hankou and Datong stations for the dry season during the period of 1956-2015 were exhibited in Figure 4 . It can be seen that the streamflow at the Cuntan station increased slightly after the year of 2003 (Figure 4a ). For the lower Yangtze River basin at the Yichang, Hankou and Datong stations, the mean streamflow for the dry season during the post-TGP period was obviously higher than that of the pre-TGP period (Figure 4b-d) . The results of the t-test showed that p values of the four stations were all less than 0.05, which indicated the statistical significance difference existed between these two different periods. Table 2 showed the statistical information for the mean streamflow of the dry season at the Cuntan, Yichang, Hankou and Datong stations for the pre-TGD and the post-TGD periods. In this table, Qpre was the observed mean streamflow of the dry season for the pre-TGD period, Qpost was the observed mean streamflow for the dry season during the post-TGD period, Qsim was the reconstructed mean streamflow for the dry season during the post-TGD period. Table 2 showed that the mean streamflow of the dry season increased about 470.14 m 3 /s during the post-TGD period compared to that of the pre-TGD period at the Cuntan station, however, the mean streamflow of the dry season at the Yichang, Hankou and Datong stations increased higher than that of the Cuntan station. Mean streamflow of the dry season for the period of the post-TGD period increased by 9.01%, 3.57% and 2.1% compared to that of the pre-TGD period at the Yichang, Hankou and Datong stations, respectively ( Table 2) . As for the reconstructed streamflow, it can be found that the simulated streamflow of the dry season was lower than that of observed streamflow. Thus, it can be inferred that the operation of TGD could even increase the streamflow of the dry season, which could improve the navigation capacity of the Yangtze River during that period (Figure 4b-d) . The results of the t-test showed that p values of the four stations were all less than 0.05, which indicated the statistical significance difference existed between these two different periods. Table 2 showed the statistical information for the mean streamflow of the dry season at the Cuntan, Yichang, Hankou and Datong stations for the pre-TGD and the post-TGD periods. In this table, Q pre was the observed mean streamflow of the dry season for the pre-TGD period, Q post was the observed mean streamflow for the dry season during the post-TGD period, Q sim was the reconstructed mean streamflow for the dry season during the post-TGD period. Table 2 showed that the mean streamflow of the dry season increased about 470.14 m 3 /s during the post-TGD period compared to that of the pre-TGD period at the Cuntan station, however, the mean streamflow of the dry season at the Yichang, Hankou and Datong stations increased higher than that of the Cuntan station. Mean streamflow of the dry season for the period of the post-TGD period increased by 9.01%, 3.57% and 2.1% compared to that of the pre-TGD period at the Yichang, Hankou and Datong stations, respectively ( Table 2) . As for the reconstructed streamflow, it can be found that the simulated streamflow of the dry season was lower than that of observed streamflow. Thus, it can be inferred that the operation of TGD could even increase the streamflow of the dry season, which could improve the navigation capacity of the Yangtze River during that period (Figure 4b-d) . 
Does the operation of the TGD have influenced the streamflow of the main stream of the Yangtze River during the dry season? Mean streamflow at the Cuntan, Yichang, Hankou and Datong stations for the dry season during the period of 1956-2015 were exhibited in Figure 4 . It can be seen that the streamflow at the Cuntan station increased slightly after the year of 2003 (Figure 4a ). For the lower Yangtze River basin at the Yichang, Hankou and Datong stations, the mean streamflow for the dry season during the post-TGP period was obviously higher than that of the pre-TGP period (Figure 4b-d) . The results of the t-test showed that p values of the four stations were all less than 0.05, which indicated the statistical significance difference existed between these two different periods. Table 2 showed the statistical information for the mean streamflow of the dry season at the Cuntan, Yichang, Hankou and Datong stations for the pre-TGD and the post-TGD periods. In this table, Qpre was the observed mean streamflow of the dry season for the pre-TGD period, Qpost was the observed mean streamflow for the dry season during the post-TGD period, Qsim was the reconstructed mean streamflow for the dry season during the post-TGD period. Table 2 showed that the mean streamflow of the dry season increased about 470.14 m 3 /s during the post-TGD period compared to that of the pre-TGD period at the Cuntan station, however, the mean streamflow of the dry season at the Yichang, Hankou and Datong stations increased higher than that of the Cuntan station. Mean streamflow of the dry season for the period of the post-TGD period increased by 9.01%, 3.57% and 2.1% compared to that of the pre-TGD period at the Yichang, Hankou and Datong stations, respectively ( Table 2) . As for the reconstructed streamflow, it can be found that the simulated streamflow of the dry season was lower than that of observed streamflow. Thus, it can be inferred that the operation of TGD could even increase the streamflow of the dry season, which could improve the navigation capacity of the Yangtze River during that period (Figure 4b-d) . Cumulative probabilities of the streamflow at the Cuntan, Yichang, Hankou and Datong stations during the pre-TGD and the post-TGD periods in the dry season was analyzed in Figure 5 . It can be found that the pattern of the cumulative probabilities of the streamflow at the Cuntan station during the pre-TGD period was similar to that of the post-TGD period (Figure 5a ). However, it had clear differences between the Cuntan station and the other stations for the cumulative probabilities of the streamflow in the dry season. The streamflow for the other three stations of the post-TGD period were much greater than that of the pre-TGD period in extreme drought years (p < 10% in Figure 5b-d) . Moreover, the cumulative probabilities of the streamflow of the dry season at the Cuntan, Yichang, Hankou and Datong stations during the pre-TGD period were always higher than that of post-TGD period for the drought years (10% < p < 85% in Figure 5 ). It is noteworthy that the streamflow for all the four stations during the post-TGD period turned to be mildly lower than that of the pre-TGD period for the extreme wet years (p > 85% in Figure 5 ). Therefore, the TGD could increase the low value streamflow of the extreme drought years and slightly decrease the high value streamflow of the extreme wet years in the downstream. Cumulative probabilities of the streamflow at the Cuntan, Yichang, Hankou and Datong stations during the pre-TGD and the post-TGD periods in the dry season was analyzed in Figure 5 . It can be found that the pattern of the cumulative probabilities of the streamflow at the Cuntan station during the pre-TGD period was similar to that of the post-TGD period (Figure 5a ). However, it had clear differences between the Cuntan station and the other stations for the cumulative probabilities of the streamflow in the dry season. The streamflow for the other three stations of the post-TGD period were much greater than that of the pre-TGD period in extreme drought years (p < 10% in Figure 5b-d) . Moreover, the cumulative probabilities of the streamflow of the dry season at the Cuntan, Yichang, Hankou and Datong stations during the pre-TGD period were always higher than that of post-TGD period for the drought years (10% < p < 85% in Figure 5 ). It is noteworthy that the streamflow for all the four stations during the post-TGD period turned to be mildly lower than that of the pre-TGD period for the extreme wet years (p > 85% in Figure 5 ). Therefore, the TGD could increase the low value streamflow of the extreme drought years and slightly decrease the high value streamflow of the extreme wet years in the downstream. Cumulative probabilities of the streamflow at the Cuntan, Yichang, Hankou and Datong stations during the pre-TGD and the post-TGD periods in the dry season was analyzed in Figure 5 . It can be found that the pattern of the cumulative probabilities of the streamflow at the Cuntan station during the pre-TGD period was similar to that of the post-TGD period (Figure 5a ). However, it had clear differences between the Cuntan station and the other stations for the cumulative probabilities of the streamflow in the dry season. The streamflow for the other three stations of the post-TGD period were much greater than that of the pre-TGD period in extreme drought years (p < 10% in Figure 5b-d) . Moreover, the cumulative probabilities of the streamflow of the dry season at the Cuntan, Yichang, Hankou and Datong stations during the pre-TGD period were always higher than that of post-TGD period for the drought years (10% < p < 85% in Figure 5 ). It is noteworthy that the streamflow for all the four stations during the post-TGD period turned to be mildly lower than that of the pre-TGD period for the extreme wet years (p > 85% in Figure 5 ). Therefore, the TGD could increase the low value streamflow of the extreme drought years and slightly decrease the high value streamflow of the extreme wet years in the downstream. Figure 6 showed the hydrological annual daily sequence of the beginning of the dry season during the pre-TGD and the post-TGD periods. It can be seen that the TGD operation could advance the beginning date of the dry season at the Yichang, Hankou and Datong stations, while the start date of dry season in the upper Yangtze River basin (Cuntan station) was delayed over 21 days. In fact, the impounding of the TGD has caused the start date of the dry season to be advanced by more than 14, 10 and 9 days at the Yichang, Hankou and Datong stations, respectively. The advancing of the start date of dry season could aggravate the impacts of the drought in October in the lower Yangtze River. However, it should be pointed out that the dry season almost disappeared in some years after the TGD operation, such as the hydrological years of 2012, 2013 and 2014 in Yichang station. Figure 7 revealed that the streamflow in October decreased sharply due to the impounds of the TGD for the Yichang, Hankou and Datong stations. Although the mean streamflow for the four stations during the post-TGD periods was lower than that of the pre-TGD periods, the simulated streamflow was much lower than the observed streamflow after TGD impounding in the lower Yangtze River. This phenomenon displayed that the impounding of the TGD intensified the drought of the lower Yangtze River in October. Similar results can also be found in Figure 1 . Besides, the differences of the streamflow between the pre-TGD and post-TGD in October at Cuntan, Yichang, Hankou and Datong stations were significant by using the t-test method (p < 0.05).
Water 2019, 11, x FOR PEER REVIEW 10 of 16 streamflow was much lower than the observed streamflow after TGD impounding in the lower Yangtze River. This phenomenon displayed that the impounding of the TGD intensified the drought of the lower Yangtze River in October. Similar results can also be found in Figure 1 . Besides, the differences of the streamflow between the pre-TGD and post-TGD in October at Cuntan, Yichang, Hankou and Datong stations were significant by using the t-test method (p < 0.05). Figure 8 showed that the minimum streamflow at the Cuntan, Yichang, Hankou and Datong stations has increased slightly after the year of 2004 due to the operation of the TGD. t-Test was also used in order to calculate that statistical significance of average streamflow before and after the building of the TGD. The results showed that there was a significant difference between average discharges in the two periods for Cuntan, Yichang, Hankou and Datong stations (p < 0.05). Table 3 showed the statistical information for the minimum streamflow at the Cuntan, Yichang, Hankou and Datong stations for the pre-TGD and the post-TGD periods. In Table 3 , Qpre was the observed minimum streamflow during the pre-TGD periods, Qpost was the observed minimum streamflow during the post-TGD periods, Qsim was the reconstructed minimum streamflow during the post-TGD periods. It can be found that the minimum streamflow increased by 16.25% during the post-TGD period than that of the pre-TGD period at the Cuntan station, however, the minimum streamflow at the Yichang, Hankou and Datong stations increased higher than that of Cuntan station. In addition, compared with the reconstructed minimum streamflow, the observed minimum streamflow of the Yichang, Hankou and Datong stations increased by 42.91%, 13.76% and 6.06%, respectively (Table 3) . It indicated that the operation of TGD could increase the minimum streamflow in the lower Yangtze River as well. Table 4 exhibited the 10-year, 20-year, 50-year and 100-year return period at the Cuntan, Yichang, Hankou and Datong stations during the dry season from 1956 to 2015. In Table 4 , Qobs denoted the observed streamflow, Qsim was the reconstructed streamflow. It can be found that the Figure 8 showed that the minimum streamflow at the Cuntan, Yichang, Hankou and Datong stations has increased slightly after the year of 2004 due to the operation of the TGD. t-Test was also used in order to calculate that statistical significance of average streamflow before and after the building of the TGD. The results showed that there was a significant difference between average discharges in the two periods for Cuntan, Yichang, Hankou and Datong stations (p < 0.05). Table 3 showed the statistical information for the minimum streamflow at the Cuntan, Yichang, Hankou and Datong stations for the pre-TGD and the post-TGD periods. In Table 3 , Q pre was the observed minimum streamflow during the pre-TGD periods, Q post was the observed minimum streamflow during the post-TGD periods, Q sim was the reconstructed minimum streamflow during the post-TGD periods. It can be found that the minimum streamflow increased by 16.25% during the post-TGD period than that of the pre-TGD period at the Cuntan station, however, the minimum streamflow at the Yichang, Hankou and Datong stations increased higher than that of Cuntan station. In addition, compared with the reconstructed minimum streamflow, the observed minimum streamflow of the Yichang, Hankou and Datong stations increased by 42.91%, 13.76% and 6.06%, respectively (Table 3) . It indicated that the operation of TGD could increase the minimum streamflow in the lower Yangtze River as well. Table 4 exhibited the 10-year, 20-year, 50-year and 100-year return period at the Cuntan, Yichang, Hankou and Datong stations during the dry season from 1956 to 2015. In Table 4 , Q obs denoted the observed streamflow, Q sim was the reconstructed streamflow. It can be found that the impoundment of the TGD had increased the streamflow of the return period in the lower Yangtze. The impounding of the TGD had the greatest influence on the Yichang station, it increased the streamflow of the 100-year return period during the dry season by 13.56%. The impounding of the TGD had little influence on the Datong station, the percentage of the raise for the streamflow of a 100-year return period during the dry season was only 0.05%.
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Discussion
Recently, severe water shortages of the Yangtze River basin have aroused widespread concern and added the probability of the TGD being accountable for the change of the downstream low flow in the Yangtze River. Despite various studies revealing the considerable effects on the Yangtze River [53] , the TGD's impacts on downstream low flow in the Yangtze River still needs to be further assessed.
This work quantified the effects of the TGD on the main stream of the Yangtze River by using a six-decade runoff record in this basin and the inflow and outflow data of the TGD. We found that the operation of the TGD could reduce Yangtze River discharge in the wet season, while increasing the streamflow during the dry season. In addition, the streamflow decreased sharply after the TGD impounding in the middle and lower Yangtze River. Therefore, the impounding of the TGD could reduce the streamflow of main Yangtze River, which could aggravate the drought of Yangtze River. These results agreed well with the previous research [53] . For instance, Dai et al. [53] , Guo et al. [54] and Lai et al. [55] demonstrated that dams could create reductions in peak flow and increase low flow by impounding and releasing water. Cowell and Stoudt [49] made the same point through the study of the Kinzua Dam in northwestern Pennsylvania. Guo et al. also described that the building of the TGD has led to less variation in the Yangtze River flow in the majority of the seasons. However, Botter et al. [45] and Mix et al. [46] found that the building of dam leads to remarkable reductions of streamflow in the Piave River, Italy and the upper Colorado River basin, Texas. This conclusion is inconsistent with our research. It is possible that we should focus on the environmental and other human factors, which also influenced the streamflow in the rivers.
This work also quantified the influences of the TGD on downstream low flow of the main stream of the Yangtze River as well. The low flow increased after the operation of the TGD was more than 630 m 3 /s in the Yichang, Hankou and Datong stations. The TGD could even increase the streamflow by 9.01% for the Yichang station compared with the simulated streamflow. Consequently, the TGD could increase the downstream low flow in the Yangtze River. This improvement wan from upstream to downstream. We also found that the TGD could increase the low value streamflow of the extreme drought years (p < 10%). Meanwhile, the impounding of the TGD decreased the high value streamflow of the extreme wet years (p > 85%) slightly. It can be discovered that the start dates of the dry season in Yichang, Hankou and Datong stations were advanced for 14 days, 10 days and 9 days, respectively. The TGD impounds water mainly in late September and early October while it releases more water in the dry season. This study revealed that the streamflow in October decreased sharply due to the operation of the TGD, which means the impounding of the TGD could intensify the drought of the lower Yangtze River basin in October. However, the influence of the TGD has resulted in less than 10% of the variation in the Yangtze River flow in most of the seasons [56] . Therefore, the TGD inflow value is more or less similar to the outflow. Some studies reached the same conclusions. For example, Fitzhugh and Vogel [47] pointed out that dams throughout the United States reduced the flood flows. Mix et al. [46] discovered that the construction of dam in the upper Colorado River basin of Texas could exacerbate hydrological drought downstream during a severe drought. Some researchers [69] found that the commencement of the dry season could be advanced because of the impounding of dams in Poyang Lake and upland regions of Victoria in southeast Australia. The previous studies also revealed that low water levels in the dry season of the lower Yangtze River have started earlier due to the TGD as well [60, 61] . However, there were some researchers that reached different or even contrary conclusions. For example, Williams and Gordon [42] thought that dams might decrease low flow discharges because the width of the low flow channel might be reduced by the invasion of non-aquatic vegetation in the semiarid western US. Some studies found that the dams could advance the appearance of the minimum streamflow. Liu et al. [70] discovered that the TGD postponed the date of the annual minimum daily streamflow. Burke et al. [48] revealed that the operation of Libby Dam could increase the minimum streamflow during the dry season in western North America. This phenomenon has been discovered in our study as well. We found that the operation of the TGD increased the minimum streamflow of Yichang, Hankou and Datong stations. These results prove that dams could cause complex impacts on streamflow in the rivers.
Some researchers also thought that the construction of large dams could lead to the occurrence of earthquakes and the earthquakes might increase the streamflow because they would settle and compact the surficial deposits, liquefy the saturated valley-bottom deposits and result in collapses and landslides [71, 72] . However, besides natural disasters resulting from large dams, the increase in extreme weather events such as drought and flood caused by climate change has a potential influence on streamflow as well. Bernard et al. [73] discovered that the higher recurrence of extreme weather events was basically consistent with recent streamflow changes. Zhang et al. [68] pointed out that the extreme droughts in the Poyang Lake basin could lead to the decrease of streamflow. Wang et al. [72] revealed that the flash floods dominated by heavy rains within short time might cause landslides, which in turn blocked the river channels. Therefore, more attention should be paid to find further influences in a changing environment (e.g., the human activities and climate change) on low flow.
Conclusions
In this paper, the changing feature of the streamflow of the main Yangtze River with the impacts of the TGD were analyzed by using the daily streamflow at the Cuntan, Yichang, Hankou and Datong hydrological stations during the period of 1956-2016. The main conclusions were as follows:
(1) The operation of the TGD has significantly increased the downstream low flow. The TGD has increased the low streamflow of the extreme drought years and slightly decreased the high value streamflow of the extreme wet years. Generally, the TGD has greatly changed the monthly and interannual distribution of streamflow in the lower Yangtze River. (2) The start date of the dry season in the upper Yangtze River basin was delayed for 21 days, however, the start dates of the dry season at Yichang, Hankou and Datong stations were advanced for 14, 10 and 9 days, respectively. The advancing of the start date of dry season could aggravate the impacts of the drought in October in the lower Yangtze River. (3) The minimum streamflow in the lower Yangtze River has increased obviously after the TGD operation. The minimum streamflow has increased by 42.91%, 13.76% and 6.06% at Yichang, Hankou and Datong stations, respectively. Moreover, the minimum streamflow in 100 years has increase obviously at Yichang station. Therefore, large dams in the Yangtze River has had a great impacts on the downstream low flow and similar things happen all over the world. More work should be done to study the complexity and risk affected by large dams on downstream low flow all over the world.
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